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Abstract 
The consequence of an exposure to a sublethal level of contaminant may result in 
development of resistance to higher concentrations. The probability of the acclimation 
phenomenon should be taken into consideration in risk assessment. The hydrophobic 
compound fluoranthene is a common PAH that can be found in the sediment in aquatic 
environments. The gastropod Hydrobia sp. is an abundant deposit feeder in muddy 
shallow waters that lives and feeds on the surface of sediment were it can be exposed to 
fluoranthene.  
Occurrence of acclimation by Hydrobia sp. to fluoranthene was tested by EC50 after 
an acclimation period of 28 days.  The acclimation concentrations were a control (0 µg 
Flu/g dry weight sediment), low (1µg Flu/g dry weight sediment) and high (30 µg Flu/g 
dry weight sediment).  
LC50 for Hydrobia sp after 10 days of exposure had a value above 180 µg Flu/g dry 
weight sediment. With the EC50 it was tested how feeding rate in terms of pellets 
production, moving rate and behavior (sediment avoidance) was influenced by the 
exposure to fluoranthene. 
The results showed that the Hydrobia neglecta and Hydrobia ulvae can acclimate to 
concentrations of 1µg Flu/g dry weight sediment (low) but not to 30 µg Flu/g dry weight 
sediment for 28 days of exposure. The acclimation high was too high for the snails as a 
start concentration to acclimate. The acclimation to low concentrations can lead to 
resistance to higher concentrations. This shows that when working with organisms taken 
from nature in laboratory experiments the acclimatization and acclimation to compounds 
present in the environment should be taken into consideration. 
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Introduction 
In this section the background theory of the project will be presented. The first part 
of the introduction is a presentation of risk assessment and risk management. Secondly 
toxicity testing and tests in the laboratory will be presented to have an overview of how 
tests should be carried out in the laboratory. Hereafter there will be a section on 
acclimatization and adaptation, were terms as like acclimation and hormesis will be 
introduced. The last part of the introduction deals with the chemical compound 
fluoranthene and the mud snail Hydrobia sp. which was the subjects of studying 
acclimation in the present project. 
 
Risk Assessment 
In ecotoxicology the term risk assessment is a well defined regulation of determining 
the hazard and risk of the toxicity of chemicals. Environmental risk assessment is a 
process to determine the probability of adverse effects of chemicals that are currently in 
the ecosystem or planned to be discharged. Risk can be expressed as a function of the 
hazard of chemicals and the potential exposure to this.  
Risk=f(hazard, exposure) 
Hazard is the chemicals potential to cause harm, and is often expressed as toxicity 
(e.g. LC50 and EC50), bioaccumulation potential or persistence [Calow & Forbes 1999; 
Newman 1998].    
The risk assessment is aimed towards the effects of human or ecological entities. 
This leads to the two general categories of risk assessment, which are presented in Figure 
1. The retrospective risk assessment deals with an existing condition of contamination, 
and the prospective (or predictive) risk assessment deals with a planned or proposed 
condition of discharge of toxic waste [Newman 1998; Calow & Forbes 1999].      
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Figure 1: The basic approach to risk assessment and risk management. Risk assessment is based on a 
present problem, concerning effects and hazard of chemicals. This leads to either the retrospective 
(existing condition) or the prospective (predictive) risk assessment. The retrospective risk assessment 
can lead to predictions about chemical conditions that can occur, and therefore lead to the 
prospective risk: assessment. The risk assessment phases then lead to the risk management, when the 
conditions of the toxicants are known [Calow & Forbes 1999]. 
 
Risk Management 
Risk management and risk assessment are two closely related processes. Risk 
assessment can be seen as the objective part of the process and deals with the actual risk 
of a contaminant whereas risk management is the subjective part that deals with taking 
actions and evaluating the situation. Risk management consists of eight steps, in which 
the first four steps are the risk assessment part. These four parts are listed below. 
1. Hazard identification 
This part involves gathering data of a compound to identify the adverse effects it has the 
capacity to cause. Risk is the likelihood of exposure to a chemical whereas hazard is the 
damage the chemical can cause, without exposure; the risk is no longer there. The hazard 
of a compound is often identified through experimental laboratory studies. When 
identifying the hazard from data of exposure and toxicity for one population, the question 
next is whether this constitutes a hazard for other populations at the same conditions. 
Hereby follows the next important steps of risk assessment [van Leeuwen 1996; Newman 
1998]. 
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2. Effects assessment  
This term is better explained as the dose-response assessment, and is an estimation of the 
relationship between the dose of exposure to a contaminant and the following effects 
hereby. This data are likewise obtained form laboratory studies. Different dose-response 
relationships can be studied e.g. exposure to a high concentration of a toxicant for a short 
period (acute toxic effects) or a long exposure period to a low concentration of toxicant 
(chronic effects). When converting the ‘no effect levels’ (NELs) obtained in laboratory 
experiments into predicted NELs (PNELs) you add an uncertainty factor. This contains 
the uncertainties when converting controlled laboratory data into predictions of 
occurrences in the environment, were other factors may influence the system. In effects 
assessment you often focus on a single species: man. This makes it possible to minimize 
uncertainty, and hence makes it possible to determine the predicted no effect 
concentrations (PNECs) for different natural compartments e.g. water, sediment, soil and 
air. 
3. Exposure assessment 
Exposure assessment can both be a measurement of the present concentration of a 
compound in the environment, or a prediction of the concentrations of new chemicals 
where they may lead to exposure for humans and environment. Exposure assessment 
deals with exposure, magnitude and duration, and is a very uncertain part of risk 
assessment because of the lack of information about production and emission of the 
chemicals. In addition to this the abiotic and biotic variations in the environment also 
increases the uncertainty of exposure assessment. The exposure, or daily intake, is 
expressed as predicted environmental concentration (PEC), and is derived in different 
environmental compartments such as water, sediment, soil and air [Newmann 1998 & 
van Leeuwen 1996].  
4. Risk characterization 
This part involves the three earlier stages of risk assessment, and is a characterization of 
the adverse effects due to exposure. The risk is often expressed as the PEC/PNEC ratio 
and the probability of adverse effects increases when the PEC/PNEC ratio increases. As 
with the exposure assessment, there are many uncertainties connected with risk 
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characterization, and often a general method is used, e.g. ranking the chemicals, thereby 
finding replacement for dangerous chemicals with ones that are safer alternatives. 
The last four parts of risk management includes the risk classification, which deals 
with the valuation of risks in connection to determining if a reduction of the risk is 
required. Risk-benefit analysis to select which regulations is possible to reduce the risk. 
Risk reduction is the actual protection of man/environment, taking action in reducing 
risk. The last step of risk management is monitoring. This part includes observing to 
make sure that the previously formulated standards of chemical handling are being met 
[van Leeuwen 1996]. 
 
Toxicity Testing 
Exposure is the concentration of the toxicant in air, water or soil, to which the 
organism is exposed. A very important factor in testing toxicity of chemicals is the 
duration of the exposure. Toxic effects of even low concentrations of chemicals can be 
significantly increased by extending exposure duration. In general low concentrations of 
toxicants may not show any observable effects, but an increase in concentration beyond a 
critical level will result in an increasing adverse effect, finally resulting in dead. There is 
a distinction between compounds which becomes toxic at high concentrations but may 
result in deficiencies at low concentrations, such as trace metals and compounds that are 
toxic even at low concentrations. Toxicity can thereby be expressed as a function of the 
amount of chemical and the duration of exposure. 
Toxicity=f(dose, duration) 
The toxicity of a compound on a biological system can be assessed, and it is done 
by identifying an observable and well-defined effect (endpoint). The response of 
chemical stress on different organisms is different, due to genetic or phenotypic 
variations, so an evaluation of the toxicity of a compound will need statistical methods 
[Connell et al. 1999]. In the present project the chemical tested is the polycyclic aromatic 
hydrocarbon (PAH) fluorathene, due to its occurrence in the marine ecosystem. 
Fluoranthene is a high molecular weight PAH that is hydrophobic and therefore adsorbs 
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to the sediment, were it is found to be one of the most common toxicants [Newman & 
Unger 2002 & Grimmer & Pott 1983].    
  
Toxicity Testing in the Laboratory 
The tests for the toxicity of chemicals in the laboratory are explained below 
Tests 
The approach of testing toxicity of chemicals in the laboratory often includes simple 
short-term tests, giving an idea of how the actual long-term test should be carried out. 
The general design of the test can be summarized as follows. 
1. Test conditions such as temperature, pH, salinity and chemical composition of the test 
medium has to be carefully controlled. 
2. The test organisms have to be exposed to increasing concentrations of the chemical in 
identical test chambers, such as glass beakers or glass tanks for a fixed duration. 
3. Standardized toxicological endpoints such as growth, reproduction, death and 
behavior, should be measured and compared among the treatment groups and against the 
control. 
4. A negative control where the test organism is exposed to the same test medium as the 
treatment groups, but without the test compound [Connell et al. 1999]. 
Test results are often declared not valid if the mortality in the control exceeds more 
than 10%. Mortality in the control of more than 10% indicates possible problems with the 
design of the experiment, resulting in handling stress, disease or poor test conditions 
[Calow & Forbes 1999; Connell et al. 1999]. In testing toxicity, a variety of test 
organisms can be chosen, but in order to predict toxicity of a compound on the 
ecosystem, a careful selection of the test organism is very important. Some criteria for the 
organism should be considered, such as wide geographical range, and availability. 
Organisms should be local or native species that are important ecologically [Connell et al. 
1999]. In the present project, the deposit feeding gastropods Hydrobia ulvae and 
Hydrobia neglecta was chosen as test organisms. This species are an important part of the 
ecosystem, as they are found in high numbers in shallow muddy waters and therefore 
constitutes a big part of the diet of animals from higher trophic levels. The Hydrobia sp. 
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lives and feeds on the sediment, and can borrow into the sediment during the winter. 
Therefore Hydrobia sp. is exposed to chemicals that are bound to the sediment e. g. 
fluoranthene [Siegismund 1982; Crosier & Molloy]. In addition to choosing a suitable 
test organism the systems in which the exposure is conducted also has a great influence 
on the test results. Four techniques are commonly used. 
1. A static test, were the organism is exposed in still test medium which is not changed 
during the duration of the test. 
2. A recirculation test, were the test medium is pumped into the chamber, and circulated 
within the system. 
3. A renewal test, were the medium is being renewed in intervals. 
4. A flow through test, were the medium is being pumped into the test chamber, and not 
returned after use. 
In order to test toxicity of compounds, standardized test procedures have been 
made. In order to estimate the sub lethal effects of toxicants, a set of specific tests has 
been designed to measure the following doses. 
1. The maximum dose which does not produce statistically significant harmful effect, 
expressed as no observable effect concentration (NOEC) or no observable adverse effect 
concentration (NOAEC). 
2. The minimum dose which produces a statistically significant damaging effect, 
expressed as lowest observable effect concentration (LOEC) or lowest observable 
adverse effect concentration (LOAEC) [Connell et al. 1999]. 
Some of the statistically derived notions from the toxicity tests that are often used 
in toxicological experiments are the LD50, LC50 and EC50. The median lethal dose (LD50) 
is the chemical dose resulting in death of 50% of the exposed individuals by a 
predetermined time. Likewise a median lethal concentration (LC50) is the concentration 
resulting in death of 50 % of the exposed individuals. For sub lethal and ambiguously 
lethal effect, the term median effective concentration (EC50) can be used instead of LC50. 
EC50 is defined as the concentration at which 50% of a predicted effect (e.g. growth, 
feeding rate, and behavior) is observed [Newman 1998; Connell et al. 1999]. 
Some of the effects that are often used as endpoint measurements of toxicity are listed 
below. 
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Mortality 
The lethality is a response to toxicity that is easy to determine, and in that way an often 
used parameter to get a rapid result of toxicity. Often it is necessary to place organisms in 
a clean environment after the exposure time to determine if they are dead.  
Growth 
The growth of the individual organisms is an important fitness characteristic and reflects 
the sub lethal effects on organisms due to chemical exposure. In addition to measuring 
growth in an increase of body size or weight, it is often also measured as the food 
conversion efficiency. This measurement shows the energy available for growth, rather 
than the actual growth.  
Reproductive efforts and fecundity 
The reproduction is a very sensitive endpoint of chronic or sub lethal tests. Some of the 
effects seen on reproduction can be a delay in sexual maturity, reduce in fecundity or a 
decrease in hatching rate and survival of offspring’s.   
Behavioral changes 
The behavior of organisms exposed to contaminants is very important in toxicity testing, 
because it affects the organisms foraging efficiency, mating success and their ability to 
find shelter and avoid predators. The importance of the organism in its environments and 
thus the overall ecological system is affected by changes in fitness of the organism due to 
behavioral changes. One of the most studied behaviors is the avoidance behavior, were 
the organism avoids the toxicants or unfavorable conditions in its habitat.  
Development 
The test of development in organisms exposed to chemicals is a very time consuming and 
costly measurement. Mostly it is the effects of chemicals in the early life stages that are 
studied. The larval stages of marine organisms are considered to be more sensitive to 
toxicants, than the adult stages of the organism. This leads to the use of criteria based on 
the development in early life stages to be employed in toxicity assessments.  
Morphological change 
The occurrence of morphological deformities in organisms exposed to contaminants is 
proposed as a tool for screening the hazard of the chemicals. The indices of contaminant 
effect on morphology can be used to assess long term effects on chronic stress in the 
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environment derived from chemicals. It is a genuine hypothesis that deformities happen 
less often in unstressed populations than in those exposed to environmental contaminants 
[Connell et al. 1999].  
In the present study two endpoints of avoidance was chosen to describe the toxicity 
of fluoranthene in the EC50. Position in the media during the exposure method was 
chosen to show whether the Hydrobia sp. avoided being in the contaminated sediment, 
and retreated to the water or air were fluoranthene was not present. Feeding rate was 
chosen as a measure of avoidance that affects the fitness of the Hydrobia sp. An endpoint 
of behavior was measured using target scoring after the EC50. This method was chosen to 
show how the snails behaved after the exposure, and to measure moving fitness between 
the snails in the different fluoranthene concentrations.  
 
Acclimatization and Adaptation 
Acclimatization and Acclimation in General 
Acclimatization and acclimation is based on the same principles but can be 
differentiated in the time and space were they occur. Acclimatization occurs in the nature 
as a result of chronic environmental changes, whereas acclimation occurs on a shorter 
timescale in laboratory experiments.  
Acclimatization to specific environments happens in short time scales and does not 
involve changes in the genes of the organism. Acclimatization is thus a phenotypic 
expression of the genes as a response to environmental changes. Physiological 
adjustments may be responses to changes in different environmental agents like 
temperature, humidity, salinity, oxygen supply, photoperiod and also contamination. 
Acclimatization reduces effects of environmental changes on an animal and is exhibited 
in physiological properties, sometimes in behavioral or morphological properties as well. 
Acclimatization is conditioned by the genotype of the population’s life history that might 
evolve resistance capacity and may be important consideration, when studying possible 
acclimatization processes. Such genotypic divergence in populations living in different 
conditions in the long time scale is called adaptation [Hill & Wyse 1989].  
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Acclimation as a Result of Chronic Response to a Contaminant 
The effects of toxicants can be influenced by different biological qualities, which 
can affect the lethality when doing exposure experiments. One of the general qualities is 
acclimation which is defined as modifications of biological functions. Acclimation occurs 
when organisms are pre-exposed to concentrations of toxicants that can enhance the 
survival of the individual organisms at sub-lethal levels. An enhanced tolerance to 
toxicants is closely related to the concentration and duration of exposure. Most 
contaminants are toxic at high concentrations during longer exposure duration, and thus 
doing an acclimation experiment needs thorough considerations of the experimental 
design [Newman 1998; Connell et al. 1999].  
Acclimation has been reported for organic contaminants and metals in organisms 
ranging from plants to vertebrates [Klerks 1999].  
Acclimation as a response to contamination is generally due to the induction of a 
detoxification mechanism [Klerks 1999]. Induction is when substance acts on receptors 
activating them and introduce response, like genes transcription or mRNA translation, 
which results in increased concentration of the specific enzymes [Nelson & Cox 2004].  
This increased detoxification capacity induced by one chemical may act on more 
toxic substances. Typical detoxification mechanisms for hydrophobic organic 
contaminants are enzymes from family cytochrome P450 [Klerks 1999]. 
 
Adaptation to the Polluted Environment 
Determination of effects of pollutants on ecological succession may be important 
components of risk assessment. Often animals collected from non-contaminated 
environments are used to predict acute and chronic toxicity. Therefore adaptation of 
animals to the contaminant should be considered in risk assessment.  
Populations exposed to contaminants may develop genetically based resistance to 
it, which is termed adaptation. Adaptation occurs in long time terms (many generations) 
and is due to selection of individuals that are more resistant to the pollutant. More 
resistant individuals survive and pass resistance genes to the future generations [Forbes 
1998].  
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Adaptation is important for risk assessment because: 
There are changes in community structure favoring opportunist populations that are 
more genetically plastic than selective populations. Selective populations may go extinct, 
so community structures will be changed [Forbes 1998]. 
Development of tolerance may cost reduction of fitness. 
Tolerance to one chemical may influence tolerance to other chemicals 
(cotolerance). Fathead minnows Pimephales promelas with fluoranthene resistance were 
more resistant to acute copper toxicity [Forbes 1998]. 
Adaptation complicates performing risk assessment in laboratory. If any of the 
adapted individuals migrated to the non-contaminated environment that test animals were 
taken from, the results of experiment will be influenced by them. 
Resistance to pollution may decrease resistance to other factors like changes in 
temperature or salinity. For example killifish Fundulus heterolicus tolerant to methyl 
mercury were less tolerant to salinity stress [Forbes 1998]. 
 
Case Studies   
The study was done to examine acclimation to individual contaminants using grass 
shrimp Palaemonetes pugio from the tidal marsh on the Gulf of Mexico close to a waste 
discharge. Sediment from the discharge area contains high levels of PAHs and metals. 
Animals were collected from Pass Fourchon discharge and a clean site and did not show 
response of acclimation while exposed to sediment from Pass Fourchon in the laboratory. 
Exposure of organisms from control area near to Pass Fourchon results in acclimation to 
single contaminants like zinc and PAH-naphthalene. Klerks 1999 proposed that 
acclimation rather occurs to single contaminants than mixtures of more, because of the 
competition for detoxification mechanisms. There were no differences in resistance 
between organisms from polluted and non-polluted area probably due to migration 
[Klerks 1999].  
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To perform the experiment in the present project which was limited to a short time 
scale it was possible to look at potential acclimation after 28 days of exposure in the 
laboratory.  
 
Hormesis 
When doing an experiment with organisms exposure to chemicals it may be 
possible that the organisms used will show an increase in performance when they are 
exposed to a low concentration of contaminants. This expression of higher fitness is due 
to hormesis which is overcompensation by homeostatic regulatory control mechanisms in 
the organisms [Klerks 1999]. 
 
 
Polycyclic Aromatic Hydrocarbons -Fluoranthene 
Chemical Properties 
The polycyclic aromatic hydrocarbons (PAHs) consists of two or more fused 
aromatic rings. 
Properties of individual PAHs like solubility, molecular weight and form (liquid, 
solid, or gas) have influence on fate of the PAHs in the sediment. The physical properties 
of fluoranthene are shown in Table 1. Fluoranthene is one of the most commonly 
occurring PAHs in the aquatic environment. Fluoranthene is hydrophobic in nature so it 
has a tendency to adsorb to the organic matter that settles on the seafloor and stays in 
sediment [Grimmer & Pott 1983].  
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Molecular Formula C16H10 
Molecular Weight 202.26 
Toxicity Oral rate LD50: 2 g/kg 
Appearance Yellow to green crystalline powder 
Melting Point 105 °C 
Boiling point 380-384 °C 
Stability  Stable under ordinary conditions 
Table 1: The physical properties of fluoranthene [chemicalland21 2008]. 
 
Source 
Polycyclic aromatic hydrocarbons (PAHs) are common compounds in the marine 
environment, due to anthropogenic sources. The main sources of PAHs are incomplete 
combustion of organic matters that makes a large range of compounds by the fusion of 
two to more than six aromatic rings. The PAHs can also be produced by other natural 
processes like burning of forest and geological processes during the production of 
petroleum [Newman & Unger 2002]. In the past age, PAHs had been categorized into 
anthropogenic and natural sources. Anthropogenic sources are further classified into two 
groups on the basis of thermodynamics mechanisms that are used for their production. 
These are called pyrogenic PAHs and petrogenic PAHs [O’Sullivan et al. 2008]. 
Pyrogenic PAHs are produced from the burning of wood and fossil fuels (higher 
temperature) and petrogenic PAHs from industrial activity in the area, oil seeps and 
petroleum source, rocks etc (at moderate temperature) [Peters et al. 2005)]. They come 
into the aquatic environment by different sources like atmospheric deposition, industrial 
and domestic waste, surface runoff, and from shipping [Newman & Unger 2002]. 
 
Fate 
The hydrophobic properties of fluoranthene makes it associated with organic matter 
in the sediment. The fate of PAHs in the sediment is influenced by several biotic and 
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abiotic factors. Abiotic factors could be temperature, salinity, pH, organic content, redox 
conditions and the amount of light reaching the bottom.  
Biotic factors such as activities of benthic organisms like burrowing invertebrates, 
that causes bioturbation and irrigation. Bioturbation brings sediment particles from 
deeper sediment layers closer to the surface. Thereby, bioturbation remobilizes persistent 
fluoranthene, to the surface sediment and to the overlaying water [Palmqvist et al. 2006].  
Irrigation increases exchange between sediment and the overlying water, and 
thereby oxidizes deeper sediment. By the oxidation of the sediment, aerobic conditions 
are established. Thereby, the pollutants become more accessible to microbial degradation 
(mineralization) [Banta & Andersen 2003; Christensen et al. 2002].  
Before degradation biotransformation can occur if the pollutant is bioavailable in 
the environment. Bioavailability is due to absorption of hydrophobic materials from the 
sediment through the skin and through gastrointestinal tracks of organisms after ingestion 
of sediment. Therefore, benthic organisms play an important role in the biotransformation 
of PAHs [Forbes et al. 1996]. Hydrophobic xenobiotics including high molecular weight 
PAHs may be biotransformed. The biotransformation occurs in most eukaryotic 
organisms in order to expel pollutants as a waste product.  
Biotransformation is divided into two phases, shown in Figure 2. Phase 1 involves 
oxidation, hydrolysis, hydration or reduction and creates metabolites containing hydroxyl 
groups, which makes the compound more water soluble. Cytochrome P450 in the 
endoplasmic reticulum has a monooxygenase function and is responsible for metabolism 
of most lipophilic xenobiotics with molecular weight < 800. Phase 2 process metabolites 
from phase I by conjugation with endogenous sugars or proteins. During this phase, 
polarity of the compounds increase, so they can be excreted from the organism. Each 
phase may involve several steps, and many different metabolites can be produced. Some 
xenobiotics may undergo only one of this phases [Walker et al. 2001]. 
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Figure 2: Biotransformation of lipophilic xenobiotics [Walker et al. 2001]. 
 
These biotransformed metabolites may now be more bioavailable for 
microorganisms, which are able to completely degrade (mineralize) pollutants to CO2 and 
H2O. Lower molecular weight PAHs are more biodegradable than higher molecular 
weight PAHs. Complex PAHs are not easily biodegradable because of their low 
bioavailability which also makes them more persistent. Fluoranthene is a high molecular 
weight PAH, and its chemical structure is shown in Figure 3 [Madsen et al. 1997].  
 
Figure 3: Fluoranthene. Notice the three fused aromatic rings 
that makes up the chemical structure of fluoranthene, and 
makes it a high molecular weight PAH [chemicalland21 
2008]. 
 
 
 
 
 
The degradation process decreases the concentration of contaminant in the aquatic 
environment (sediment). On the other hand degradation may lead to the production of 
reactive metabolic products which can be more toxic than the parent compound 
(activation) [Walker et al. 2001]. 
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Effects 
During the biotransformation of hydrophobic xenobiotics, it passes through 
different sites in the organism. Sites are divided into three groups, sites of storage, 
metabolism and action as shown in Figure 4. Sites of toxic action are where toxic 
pollutants interact with biomolecules (proteins, DNA) or structures (membranes) of the 
organism that lead to toxic effects on the whole organism. The fate of lipophilic 
pollutants in organisms exposed to these is shown in Figure 4. Sites of metabolism are 
usually in the liver (vertebrates) or in the hepatopancreas and gut (invertebrates). 
Metabolism may lead to detoxification or activation to more toxic compounds. Sites of 
storage are mostly in the adipose tissue (bioaccumulation) [Walker et al. 2001].  
It is shown that PAHs can cause severe damage to invertebrates: Studies of the 
PAH, pyrene shows that after 48 days of exposure to pyrene, mortality of the lugworm 
Arenicola was around 10% and the feeding rate decreased, while in the annelid Nereis 
there were no observed effect [Christensen et al. 2002].  
Further it is known that feeding rate and reproduction output of the meiobenthic 
copepods Schizopera knabeni and Coullana sp. decreases when exposed to fluoranthene. 
In S. knabeni the lethal concentrations (LC50) after 10 days of exposure was 213 µg (per g 
dry wt. sediment) and for Coullana sp. it was 132 µg (per g dry wt. sediment) [Guilherme 
1998]. Fluoranthane in particular, is as a parent compound bioaccumulated and causes 
narcosis. It is known that polar metabolites of fluoranthene can be genotoxic [Palmqvist 
et al. 2003]. 
 
Figure 4: General model that 
illustrates the fate of lipophilic 
pollutants in the living 
organisms [Walker et al. 
2001]. 
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The polychaete Capitella sp.1 is one of the most tolerant subspecies abundant in 
organic PAH polluted sites. This deposit feeder accumulates fluoranthene from the 
surroundings and from the ingested sediment. It has been found that Capitella sp. 1 
completely biotransformed fluoranthene to hydrophilic products after 1 week of exposure 
period. After the exposure the worms were transferred to clean sediment to departure the 
Flu for 24h. After the 24 hours in the clean sediment there was no fluoranthene present in 
the tissue of the worms instead a large number of fluoranthene metabolites were found. 
Some metabolic products of fluoranthene were excreted from the worms to the water or 
sediment, but most of them were preserved in the worms [Forbes et al. 2000].  
The fluoranthene metabolites may slightly differ in their functional groups and 
chemical structures [Šepič et al. 1998]. Capitella sp.1 is very effective in biotransforming 
PAHs including fluoranthene [Palmqvist et al. 2003]. 
 
Deposit Feeders - Hydrobia ulvae and Hydrobia neglecta  
Deposit feeding organisms are the main organisms that ingest the pollutants bound 
to the organic matter. Deposit feeders ingest large amounts of sediment to extract the 
organic matter directly into the gastrointestinal track and the stomach without separating 
the pollutants. In the ingested organic matter, many different kinds of hydrophobic 
pollutants can be bound. In the case of the present project the hydrophobic and sediment 
binding compound fluoranthene can cause defects or even mortality to organisms 
ingesting it. 
In the present study the deposit feeders Hydrobia neglecta and Hydrobia ulvae 
were chosen because of their high abundance that plays an important role in bioturbation 
and ingestion of the toxic compounds. 
Hydrobia ulvae, and H. neglecta are small aquatic snails (gastropods) around 2 mm 
in size living in the shallow-water fauna, see Figure 5. They have high densities often in 
range of 20.000 to 40.000 individuals/m2 which makes them important as a food source 
for birds such as waders, ducks, etc. [Siegismund 1982]. 
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Figure 5: Hydrobia sp. This picture shows the Hydrobias right hand coiled shell, and the dark 
pigmentation that distinguishes it from other Hydrobia species [Fimr 2008]. 
  
The shell is right-handed coiled consisting of 4 to 5 whorls in brown and light 
brown color. 
Hydrobia are most abundant in muddy shallow waters, feeding and living on the 
surface of sediment. At low temperatures the snails can burrow into the sediment in order 
to avoid freezing and they also have the ability to float on water by releasing mucus. 
They are also able to tolerate changes in temperature and salinity.  
The hydrobias are deposit feeders mainly feeding on diatoms, plant and animal 
detritus in the sediment. They have a life span of more than 18 months and the generation 
time is about one year [Crosier & Molloy; Siegismund 1982].  
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Problem Formulation 
Is gastropod Hydrobia sp. able to acclimate to fluoranthene and what is the role of 
acclimation in risk assessment?  
 
Sub Questions 
How does fluoranthene affect the behaviour of Hydrobia neglecta and Hydrobia ulvae? 
Can acclimation to chemicals influence the results, when testing the toxicity on 
organisms from aquatic environments? 
 
Aim of the Project 
The aim of the present project is to find out if the organisms living in polluted 
habitats can become acclimated to the pollutants found in their habitats. Another major 
part of this project is to develop a method for testing for acclimation. Further we want to 
use behavior instead of mortality as an endpoint for measuring the acclimation. 
 
Hypothesis 
During a longer period of exposure to a low and a higher concentration of 
fluoranthene, Hydrobia sp. will be acclimated to the chemical. This will show in an EC50 
experiment were mud snails without an acclimation period and mud snails from the 
acclimation will be exposed to six different concentrations of fluoranthene. It is expected 
that the mud snails that have undergone acclimation period with fluoranthene will be less 
affected than those that have not been exposed to an acclimation period with 
fluoranthene.  
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 Materials and Methods 
General 
Hydrobia neglecta and Hydrobia ulvae and the sediment used for the experiments 
were collected from Isefiord at the Munkholm Bridge see Figure 6, Denmark 
(55°40’26N, 11°48’52E). The snails were collected from the shallow muddy water with 
sieves and brought to the lab were the H. neglecta and H. ulvae were separated from a 
third species of Hydrobia, and placed in plastic aquaria until the start of the experiments. 
The two species H. neglecta and H. ulvae are quite difficult to separate based on external 
morphology, therefore it was chosen to perform the experiments with a mixture of the 
two species, see Figure 7. The aquaria contained sediment that had been sieved through a 
125 µm sieve and put in the freezer for 72 hours at -20 °C. The water that was used in the 
experiments was natural seawater, filtered through a 0.22µm filter (at NERI/DMU) and 
diluted with demineralized water to reach the right salinity of 18-19 ‰ as the water at 
Munkholm Bridge was. In our experiments only the fluoranthene concentrations were 
changed all the other factors like salinity, temperature, light, sediment and organic 
content w as the same through all the experiments. 
 
 
Figure 6: The study 
site at 
Munkholmbroen in 
Isefiord, where the 
sediment and the 
Hydrobia  sp. was 
collected from. 
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Figure 7: The three species of Hydrobia often found in Danish coastal waters. From the left: Hydrobia 
ulvae, Hydrobia ventrosa and Hydrobia neglecta. The three species are easiest distinguished by their 
differences in shell form and their head and tentacle pigmentation. 
 
Sediment Spiking  
Before the sediment spiking process was started the dry weight/wet weight ratio 
was measured in order to calculate the needed concentrations of fluoranthene (Flu), 
acetone and sediment for making the stock solutions. The sieved and thawed sediment 
was homogenized by mixing it with a spoon, and small amounts of sediment was put in 
small aluminum plates, weighed and placed in an oven at 105 °C for 24 hours for the 
water to evaporate. The next day the dry sediment was taken out, left to cool and weighed 
on an electronic scale to observe the dry weight. Finally the dry weight/wet weight ratio 
was calculated and the concentrations used for making the stock solutions were 
calculated. 
 
 
27 
 
 
 
Concentrations wet weight 
sediment 
Flu added to the 
solution 
Acetone 
240 µg/g dw sed. 289,855 g 48 mg 8 ml 
180 µg/g dw sed. 289,855 g 36 mg 6 ml 
60 µg/g dw sed. 289,855 g 12 mg 2 ml 
30 µg/g dw sed. 724,637 g 15 mg 2,5 ml 
15 µg/g dw sed. 289,855 g 3 mg 0,5 ml 
1 µg/g dw sed. 724,637 g 0,5 mg 0,0833 ml 
0 µg/g dw sed. 724,634 g 0 mg (control) 8 ml 
Table 2: The concentrations used to make the solutions. The first column on the left shows the 
concentrations of fluoranthene per g dry weight sediment. The second column represents how many 
grams wet weight sediment was added to make the solution. The third column shows the amount of 
Flu added to the solutions and the last column shows the amount of acetone added to the solutions to 
make equal the amount of acetone in each beaker. 
 
 After the calculations were done for the seven different concentrations, the amount 
of acetone to dissolve the Flu was prepared in a small flask. First 0.15 g Flu was added 
and then 25 ml acetone. Afterwards the solutions were prepared by taking out known 
volumes from the stock solution made with Flu and acetone and added to seven glass 
beakers (1L volume) and known volumes of acetone to make equal amount of acetone in 
all the beakers (shown in Table 2) and the beakers were then covered with aluminum foil. 
The control did not contain Flu but did contain acetone. All the beakers were then put on 
a shaking table for 4-5 hours until the acetone had completely evaporated and the Flu had 
formed crystal structures on the walls of the beakers.  
When the acetone had completely evaporated the appropriate amount of 
homogenized wet sediment was added to each beaker and the beakers were put in plastic 
bags, covered with aluminum foil and left on the shaking table for 24 hours at room 
temperature. After 24 hours the beakers were put in a freezer (-20°C) until the start of the 
experiment.  
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Pilot EC50 Experimental Design 
Two days before the pilot EC50 experiment the spiked sediment was taken out of 
the freezer. The next day 21 crystallization glass beakers were prepared with seven 
different concentrations of Flu spiked sediment and with three replicates of each 
concentration as shown in Figure 8. In each beaker 6 g dry weight (8.7 g wet weight) 
sediment was added together with 70 ml of diluted and filtered sea water (18-19 ‰ 
salinity). On the second day 10 snails of random sizes were added to each beaker. The 
water in the beakers was aerated through air tubes and syringes. The pilot EC50 period 
was 10 days, were the beakers were kept at room temperature in a dark room. Figure 7 
shows the experimental design.  
 
 
 
 
 
Snail Behavior Observation  
Snail behavior was observed at the end (after 10 days) of the pilot EC50 by using the 
target counting method. All the snails (10 snails) were placed in the center (on zero) of 
the target, and every 10 seconds a picture of the target was taken for 240 seconds which 
makes a total of 24 pictures. From these pictures it could be calculated how far the snails 
had moved from the center. An example of the target counting is shown in Figure 9. 
   
 
      0 µg                1 µg             15 µg         30 µg          60 µg         180 µg       240 µg 
Figure 8: The design of the pilot EC50 experiment. The concentrations refer to the amount of Flu that 
was added to the beakers per g/dry weight sediment. The beakers with the concentration of 0µg/g dry 
weight sediment does not contain Flu and all the other concentrations show the amount of Flu added 
in each beaker were the highest one contains 240 µg Flu/g dry weight sediment. 
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Figure 9: The target counting 
method which was used in 
measuring the behavior of the 
snails after the EC50. It is a picture 
taken after 40 seconds from 
concentration 60 µg Flu/g dry 
weight sediment. The score for 
each snail increases as the snail 
moves outwards form the center.  
 
 
  
 
 
 
Afterwards all pictures were analyzed and the target counting for each of the seven 
concentrations and three replicates were noted. The number of snails that were in a 
specific target zone was multiplied with the number of the zone, and target points for 
each 10 seconds was summed up over all zones and divided by the total number of snails. 
 
Feeding Rate Measurements (Ingestion Rate) 
The fecal pellet counting method was performed to estimate the feeding rate of the 
snails. For every replicate of the concentrations the fecal pellets were counted by sieving 
the sediment so that the pellets and a small amount of sediment were left on the sieve and 
put into a crystallization beaker. The crystallization beakers surface was divided into 
eight equal parts by drawing with a marker on the bottom of the crystallization beaker 
(like cutting a cake in eight equal pieces). The fecal pellets and sediment were equally 
distributed over the surface of the crystallization beakers by shaking it carefully. With the 
help of a calculator two random numbers were chosen and the pellets and sediment in the 
two parts labeled with those numbers was sucked up with a plastic pipette and placed in a 
petridish as shown in Figure 10. The number of pellets in these two sub samples was 
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counted under a dissection microscope, and these numbers were used to calculate the 
total amount of fecal pellets in each sample. 
 
 
 
 
 
 
 
 
 
 
Figure 10: To the left: the crystallization glass beaker, divided into eight equal pieces. The sediment 
is distributed equally and two random areas are chosen and the sediment is carefully removed with a 
pipette. To the right: the sediment is moved to a petridish for counting of fecal pellets in a 
microscope. The petridish is divided into squares to ensure that all fecal pellets in all areas of the 
petridish are counted.  
 
To find the average number of pellets in a concentration of three replicates the 
mean value was calculated from the counted numbers. This method was done for all 
seven concentrations. 
 
Acclimation Experimental Design 
While the pilot EC50 was running the acclimation experiment was set up by adding 
217.4 g wet weight (150 g dry weight) sediment to six different glass beakers (with 
volume of 1 L). The concentrations of Flu in the sediment were the control (0 µg/g dry 
weight sediment), 1 µg/g dry weight sediment (low) and 30 µg/g dry weight sediment 
(high) with two replicates of each as shown in Figure 11. To each beaker 600 ml of diluted, 
filtered sea water (18-19‰ salinity) was added. In all the beakers 150 snails of random 
sizes were added and the beakers were closed with parafilm to avoid evaporation and 
keep the snails from crawling out of the beakers. Air was provided by air tubes. The 
acclimation period was four weeks and at the end of the four weeks the final EC50 was 
started.  
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During the acclimation period the position of the snails in the beakers were noted 
each day, as a measurement of behavior. It was noted whether the snails were out of the 
water, in the air/water interface or if they were in the water, but out of the sediment. 
 
LC50 Experimental Design 
The LC50 experimental design was set up exactly the same way as the pilot EC50 
was. It was done with three replicates, seven different concentrations and the exposure 
period was 10 days. After duration of ten days the number of dead snails was counted for 
each concentration. 
 
 
 
Control-0 
µg 
Replicate 1 
Low-1 µg 
 
Replicate 1 
High-30 
µg 
Replicate 2 
Control-0 
µg 
Replicate 2 
Low-1 µg 
 
Replicate 2 
High-30 
µg 
Replicate 1 
Figure 11: Illustration of the acclimation experimental design with two replicates of each 
concentration. The concentrations show the Flu amount in each beaker per g dry weight of 
sediment. The concentration 0 µg does not contain Flu and the other two concentrations contain 
1 µg Flu/g dry weight sediment and 30 µg Flu/g dry weight sediment. In each beaker a number of 
150 snails were added, giving 300 acclimated snails for each concentration. 
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Final EC50 Experimental Design 
In the pilot EC50 it was found that exposure to the concentrations of 30 and 60 µg/g 
dry weight sediment gave very similar results, so in the final EC50 experiment the 
concentration of 30 µg/g dry weight sediment was not used. The other six concentrations 
were used in the same way as in the pilot EC50 experiment, with 18 crystallization 
beakers for each of the three acclimation treatments, control-0 µg/g dry weight sediment, 
low-1 µg/g dry weight sediment and high-30 µg/g dry weight sediment; i.e., three 
replicates of each of the six concentrations (Figure 12). The same amounts of sediment (6 
g dry weight sediment) and 18-19‰ seawater (70 ml) as in the pilot EC50 were used. The 
mud snails from the beakers of the acclimation experiment were sieved out of the 
sediment and the two replicates of each acclimation concentration were mixed together. 
The total number of snails was counted to see how many were dead and alive. Ten mud 
snails of random size were placed in each small EC50 beaker and the beakers were 
covered with parafilm. 
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Figure 12: The design of the final EC50 experiment with three replicates. The three different 
concentrations from acclimation experiment were mixed with their replicates and the snails were 
sieved out. The sieved snails were put in crystallization glass beakers. The numbers present the 
concentration of Flu in the sediment added to each crystallization beaker, for example 60 µg means 
that 60 µg Flu/g dry weight sediment was added to each crystallization beaker. 
Control-0 µg 
Replicate 1 
Control-0 µg 
Replicate 2 
 0 µg           1 µg         15 µg        60 µg      180 µg    240 µg 
Low-1 µg 
Replicate 1 
Low-1 µg 
Replicate 2 
      0 µg          1 µg         15 µg        60 µg      180 µg          240 µg 
0 µg           1 µg         15 µg        60 µg      180 µg      240 µg 
High-30 µg 
Replicate 1 
High-30 µg 
Replicate 2
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The EC50 beakers were left for 10 days in a dark room at room temperature. The 
water in the crystallizations beakers was aerated through air tubes and syringes Figure 
13).  
 
 
Figure 13: The EC50 experiment. The beakers contain six different concentrations of fluoranthene 
with three replicates for each acclimation concentration. The white tubes seen in the figure are the 
air tubes that are connected to an air machine. To the air tubes the green syringes were put to aerate 
the water. The flat plastic put above on the crystallization beakers is to avoid the syringes of getting 
out. 
 
Every day of the ten days EC50 experiment the mud snails were counted and the 
number of snails that were out of the sediment was noted. After 10 days of exposure 
period the two endpoints feeding rate and snail behavior was measured.  
 
Organic Content Measurements 
The organic content of the sediment used in our experiments was measured first by 
doing the dry weight/wet weight ratio. The sediment was homogenized with a spoon, and 
small amounts of sediment were weighed into ceramic crucibles that had been pre-burned 
in an oven at 550 ºC. The crucibles were put in an oven at 105 ºC for 24 hours and then 
weighed to find the dry weight. Afterwards the sediment was put in an oven at 550°C for 
19 hours to burn the organic content. The crucibles were weighed after the burning of 
organic matter, and the amount of organic content could then be calculated.  
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Quantification of Fluoranthene 
To measure the actual concentrations of compound in the sediment, an extraction of 
fluoranthene from the spiked sediment was performed. The fluoranthene was extracted by 
packing it in an extraction cell and running it in an Accelerated Solvent Extractor (ASE 
200).  
The sediment was homogenized using a spoon, and samples were ready to be 
weighed. For the determination of dry weight/ wet weight ratio an amount of ca. 1 g. of 
sediment were weighed out in aluminum trays. Three samples of each concentration were 
weighed and put in an oven at 105 °C for 24 hours. The next day the samples were 
weighed and the dry weight/ wet weight ratio could be determined. 
For the extraction of Flu an amount of ca. 2 g of sediment were weighed out in 
aluminum trays, with three samples for each concentration. The samples were prepared 
by injecting 25 µl of internal standard solution (235.6 µg/ml) in the bottom of the sample, 
using a micro syringe. The syringe was washed with 1 ml of water that also was added to 
the sample. About three tea spoons of hydromatrix were added to the tray and mixed 
thoroughly with the sample.        
The extraction cells were packed with two cellulose filters which were pushed to 
the bottom of the cells using the insertion tool. Then about 3 g. of silica gel were added to 
the cells.    
The mix of sediment and hydromatrix were then added to the cells, and the cells 
were filled with hydromatrix that were pressed together with the insertion tool, until 1 cm 
from the top. The top cap of the cell was then screwed on, and the cells were placed in 
the top carrousel in the ASE 200. In the bottom carrousel vials are placed in 
corresponding spots of the extraction cells. Four vials were placed in the rinse spots, and 
the ASE 200 was turned on to program 6 for Polycyclic Aromatic Hydrocarbons. The 
period was overnight, approximately 16 hours and then the samples were taken out. 
Afterwards to the samples sodium sulfate (Na2SO4) was added in order to remove the 
water. After the mixing of sodium sulfate in the samples, they were left for a while for 
the sodium sulfate to settle down. Approximately 1 ml was taken out from each sample 
and added to injection flasks (1.5 ml). Finally all the samples that were added in injection 
flasks were run in a Gas chromatography-mass spectrometry (GCMS). (The GCMS that 
36 
 
was used in the present study had these properties: Aginet Technologies 5975 inert mass 
selective detector, 6890 N network GC system, Column Durabond (DB)- 1701, length 30 
m, inner diameter 0,25 mm, film 0,25 µm. J&W Scientific). 
 
Calibration Curve Standards 
In order to make the calibration curve 9 different solutions were prepared by first 
making the Flu in dichloromethane stock solution by adding 19,8 mg Flu and 10 ml 
dichloromethane. Afterwards the internal standard stock solution was prepared by 
dissolving 5,89 mg phenanthrene in methanol and making a total volume of 5 ml. This 
solution was diluted again by factor 5 and got volume of 10 ml were the internal standard 
was 2 ml and the concentration of phenanthrene was 235,6 µg/ml.  After these two stock 
solutions were prepared the stock solution of Flu was diluted into nine different standards 
and added to nine different flasks. After that the diluted internal standards were added to 
each flask (Table 3). 
 
Statistics 
The experiments that were carried out in the present project, had at the most three 
replicates. Thus, it is not valid to tell if the data are normally distributed. Because of this, 
the differences in the data were initially tested by a non-parametric Kruskal-Wallis test, 
and secondly by a two-factor analysis of variance (ANOVA), in order to find the global 
differences. If the interaction between two factors, in the two-way ANOVA, was 
significant, no further statistics was performed, and any significance of the individual 
factors was not assumed to be valid. If the interaction was not found significant, the 
Extract[µg] 2,5 5 10 30 60 90 150 200 250 
Internal 
standard 
dilution [ml] 
0,025 0,025 0,025 0,025 0,025 0,025 0,025 0,025 0,025 
Table 3: The table shows the concentrations that were used to make the standards. The first row is 
the concentration of flu added, and the second row shows how much internal standard was added in 
ml. 
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ANOVA was performed again without the interaction. If the outcome of the Kruskal-
Wallis and the ANOVA were similar (p < 0,050), Tukey’s test was used post-hoc to 
unveil differences among the groups. A difference were called borderline significant if 
0,100> p > 0,050, and significant if p ≤ 0,050. 
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Results  
This section presents the results from the acclimation, pre- and post-acclimation 
exposure experiments. The data are presented in graphs, and tested statistically, which 
also will be explained in the text.   
First the results from the quantification of fluoranthene concentrations in the 
sediment and the organic content will be presented. Secondly the results from the 
acclimation period will be presented followed by the results from the pre- and post-
acclimation EC50 experiments. 
 
Actual Concentration of Fluoranthene 
In concentration 1 µg and concentration 240 µg Flu dry weight sediment (Table 4) 
smaller numbers than the expected was found which can be due to homogenizing. In 
some of the replicates a big difference in values was found. In one of the replicates in 
concentration 1 µg Flu dry weight sediment the smallest value of 0,113 µg was found and 
in another replicate a higher value than expected was found (1,721 µg Flu dry weight 
sediment). In the replicates of concentration 240 µg three smaller values than expected 
were found (136 µg, 127 µg, and 204 Flu/g dry weight sediment instead 240 Flu/g dry 
weight sediment). In the control where no Flu was added, the results showed that it 
contained 0.39 µg Flu/g dry weight sediment. It means that the sediment used in the 
experiments in the present project already contained Flu from the environment.  
 
0µg 
flu/gdry 
weight 
1µg 
flu/gdry 
weight 
15µg 
flu/gdry 
weight 
30µg 
flu/gdry 
weight 
60µg 
flu/gdry 
weight 
180µg 
flu/gdry 
weight 
240µg 
flu/gdry 
weight 
0,39µg 
flu/gdry 
weight 
0,67µg 
flu/gdry 
weight 
15,25µg 
flu/gdry 
weight 
31,67µg 
flu/gdry 
weight 
57,13µg 
flu/gdry 
weight 
174,29µg 
flu/gdry 
weight 
135,18µg 
flu/gdry 
weight 
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Table 4: Actual concentrations of fluoranthene. 
 
Organic Content 
The organic content of the sediment used in the experiments was 1,338%. 
Results from the Acclimation  
During the four weeks acclimation period, the snails were observed every day and 
their position in the beakers were recorded. It was observed whether the snails were 
positioned out of the sediment, and in that way avoiding the fluoranthene contaminated 
sediment. The acclimation consisted of three concentrations (control, low and high) with 
two replicates of each. The observations of the snails positions are plotted against time 
(days) in Figure 14. 
Figure 14: The mean 
percentage snails that are 
out of the sediment (i.e. in 
the water phase, or above 
the water) during the 
acclimation period plotted 
against time (days). The red 
line represents the control 
(0 µg/g dw), the blue 
represents the low (1 µg/g 
dw) and the green line 
represents the high (30 µg/g 
dw) acclimation 
concentration. 
 
The figure shows that the percentage of snails that are out of the sediment in the 
control acclimation is generally a little higher than for the low acclimation, and that the 
number of snails out of the sediment in the low acclimation was a little higher than in the 
high acclimation. This trend was also found in Figure 15 when the observations of the 
snail’s positions in percent were plotted against the three different acclimations. However 
these observations could not be tested statistically because of the fact that this part of the 
experiment only had two replicates.   
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Figure 15: The mean percentage of snails that are 
out of the sediment plotted against acclimations ± 
1 SD. A small and not significant difference can 
be seen between the numbers of snails that are 
out of the sediment, for the different acclimations. 
The number is higher for the control, and 
decreases with an increase in acclimation 
concentration.  
 
 
 
 
This shows that a small percentage (average of 4-6 %) of the snails in the 
acclimation beakers have been positioned out of the sediment during the 28 days of 
acclimation period.  
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Results from the Pre- and Post-Acclimation Experiments 
 
Post-Acclimation Positions 
 
The number of snails 
out of the sediment in the 
EC50 beakers was noted 
during the ten days post 
acclimation period. The 
result as percentage of 
snails out of the sediment 
for the acclimation control, 
low and high concentrations 
are shown in Figure 16, 
plotted against days. No 
obvious trends in the snails’ 
behavior (position in the 
beakers) are expressed in 
this figure. The gain in percent of snails out of the sediment on day ten seen on Figure 16, 
were due to more accurate data on the last day (day ten); the last observations were made 
just before the movement measurements, and we were therefore able to take of the 
parafilm from the beakers, hence making more accurate observations.  
On day ten, 4.63 – 6.85 % of the snails in the beakers were out of the sediment. 
Because of the more accurate observations on this day, it is possible that the actual 
percentages on the other days should be within the above mentioned range. 
 
In order to test the differences among acclimation levels and exposure levels, we 
summed the points gained at each time step in each replicate.  
Figure 16: The mean percentage of snails out of the sediment to 
each acclimation level (control, low and high are coloured red, blue 
and green, respectively). 
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Exposure levels against mean number of points per snail to each accliamation level 
are plotted in  Figure 17. From Figure 17a it looks like there is a increase in snails out of 
the sediment as the exposure concentration increases, however there were found no 
significant difference between the means (K-W: 6,278, n = 3, p = 0,280, ANOVA: F-
ratio: 1,427, n = 3, p = 0,283). A similar pattern were found in 
acclimation low (Figure 17b). Nor this pattern were significant 
(K-W: 9,120, n = 3, p = 0,104, ANOVA: F-ratio: 2,364, n = 3, p 
= 0,103). In the acclimation high there are no obvious pattern, 
and there significant differences between the means or medians 
(K-W: 5,383, n = 3, p = 0,332, ANOVA: F-ratio: 1,198, n = 3, p 
= 0,367). 
Acclimation levels against mean number of points per 
snail are plotted in Figure 18. There were no difference in 
means or medians between the acclimation levels (K-W: 1,767, 
n = 3, p = 0,413, ANOVA: F-ratio: 1,520 n = 3, p = 0,230). 
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Figure 18: The percentage of snails that are out of 
the sediment in the post-acclimation exposure 
experiment (ten days) for each acclimation 
concentration ± 1 SD.  
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Figure 17: The percentage 
of snails that are out of 
the sediment during the 
post-acclimation exposure 
(ten days) for each 
exposure concentration ±. 
1 SD. 
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Table 5: 
Results from 
the Tukey’s test 
for the 
positions of the 
snails in the 
post-
acclimation 
exposure. 
Tukey's Honestly-Significant-Difference Test 
Exposure(i) Exposure(j) Difference p-value 95.0% Confidence Interval 
        Lower Upper 
CONTROL _001 -1.556 0.932 -6.441 3.330 
CONTROL _015 -2.444 0.674 -7.330 2.441 
CONTROL _060 -4.667 0.069 -9.552 0.219 
CONTROL _180 -5.222 0.030 -10.107 -0.337 
CONTROL _240 -3.556 0.274 -8.441 1.330 
_001 _015 -0.889 0.994 -5.774 3.996 
_001 _060 -3.111 0.419 -7.996 1.774 
_001 _180 -3.667 0.244 -8.552 1.219 
_001 _240 -2.000 0.826 -6.885 2.885 
_015 _060 -2.222 0.754 -7.107 2.663 
_015 _180 -2.778 0.545 -7.663 2.107 
_015 _240 -1.111 0.984 -5.996 3.774 
_060 _180 -0.556 0.999 -5.441 4.330 
_060 _240 1.111 0.984 -3.774 5.996 
_180 _240 1.667 0.911 -3.219 6.552 
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Moving Rate from the Pre- and Post-Acclimation Experiment  
 
In this section we will present the results from the pre- and post-acclimation EC50 
experiments.  
 
Observations Common to Both Experiments  
During the movement measurements in the EC50 
experiments a distinctive pattern was observed in the 
snail movement; the snails started in the middle and 
moved towards the edges of the beakers after which they 
followed the edges around the beakers. This pattern was 
also observed, when the mean number of points per snail 
was plotted against time (see Figure 19 (pooled mean 
number of points per snail against time from the post-
acclimation experiment)). In this plot we observed a 
sigmoid curve, which could be well explained by the 
movement pattern of the snails.  
 
In the post-acclimation EC50 experiment, it was also observed that the snails from 
the acclimation high and control had a tendency to stay in the middle of the beakers, 
during the movement measurements, after exposure to high concentrations of Flu (> 60 
µg/g dw), indicating an effect of the exposure (see Figure 20b, Figure 20d). There was 
found a significant difference between the median number of points per snail in the 
acclimation control and high alike (acclimation control: K-W: 189,876, n = 3, p < 0,001. 
High acclimation: K-W: 190,087, n = 3, p < 0,001), and there was a significant difference 
between the mean number of points to each exposure in the acclimation control 
(ANOVA: F-ratio: 118,918, n = 3, p < 0,001), however the interaction Exposure × Time 
in the acclimation high was significant, thus no further statistics was performed. Results 
from the post hoc test, performed to find differences between means in the acclimation 
control are presented in Table 6. The test showed that the control and exposure 
Figure 19: mean number of points per 
snail plotted against time from the post-
acclimation experiment ± 1 SD. There 
was a significant difference between the 
highest and lowest median (after 220 
seconds and 10 seconds, respectively) 
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concentration 60 (µg/g dw) as well as exposure concentration 
1 (µg/g dw) and 15 (µg/g dw) are equal. All other exposure 
levels are different from each other. 
A partly similar observation was made in the pre-
acclimation experiment however, with an increase in points 
at the highest concentration (see Figure 20a). There was a 
significant difference between the highest and lowest median 
number of points per snail (K-W: 28.839, n = 3, p < 0.001), 
and a significant difference between the mean (ANOVA: F-
ratio: 21.331, n = 3, p<0,001). The results from the tukey’s 
test are shown in Table 7. The test showed that exposure 
level 1 (µg/g dw) had the highest mean number of points per 
snail and was different from all other exposure levels. It 
showed that exposure level control, 15, 30 and 240 (µg/g dw) 
were equal, and that exposure level 60 and 180 (µg/g dw) 
were equal, and had the lowest mean number of points per 
snail. 
The acclimation low, however, came out in a quite 
different manner. The mean number of points increased from 
the control to exposure concentration 15 (µg/g dw), after 
which it decreased slightly to exposure concentration 60 
(µg/g dw), but sustained hereafter, a stable number of points 
per snail as the exposure levels increased (see Figure 20c). 
There was a significant difference between the means (K-W: 
98,161, n = 3, p < 0,001, ANOVA: F-ratio: 34,168, n = 3, p < 
0,001). A Tukey’s test was performed post hoc to determine 
differences between the levels of exposure (see Table 8).  
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Figure 20: The points per snail from the target counting plotted against 
the exposure concentrations for both pre- and post-acclimation 
experiments ± 1 SD.  
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The test showed that the control had the lowest mean number of points per snail, 
exposure level 15 (µg/g dw) had the highest mean. The mean number of points per snail 
in exposure level 1, 60, 180 and 240 (µg/g dw) were all equal. 
Table 6: results from the Tukey-test for differences between mean 
numbers of points to each exposure level in the acclimation control. 
Tukey's Honestly-Significant-Difference Test 
Exposure (i) Exposure (j) Difference p-value 95.0% Confidence Interval 
        Lower Upper 
CONTROL _001 -0.713 0.027 -1.377 -0.048 
CONTROL _015 -0.894 0.002 -1.559 -0.230 
CONTROL _060 0.503 0.258 -0.162 1.167 
CONTROL _180 2.011 <0.001 1.347 2.676 
CONTROL _240 3.768 <0.001 3.104 4.432 
_001 _015 -0.182 0.971 -0.846 0.482 
_001 _060 1.215 <0.001 0.551 1.880 
_001 _180 2.724 <0.001 2.059 3.388 
_001 _240 4.481 <0.001 3.816 5.145 
_015 _060 1.397 <0.001 0.733 2.062 
_015 _180 2.906 <0.001 2.241 3.570 
_015 _240 4.663 <0.001 3.998 5.327 
_060 _180 1.508 <0.001 0.844 2.173 
_060 _240 3.265 <0.001 2.601 3.930 
_180 _240 1.757 <0.001 1.093 2.421 
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Table 7: Tukey-test for 
differences between mean 
numbers of points to each 
exposure level in the pre-
acclimation experiment.  
 
Tukey's Honestly-Significant-Difference Test 
Exposure (i) Exposure (j) Difference p-value 95.0% Confidence 
Interval 
        Lower Upper 
CONTROL _001 -0.982 <0.001 -1.476 -0.487 
CONTROL _015 -0.279 0.640 -0.774 0.215 
CONTROL _030 -0.076 0.999 -0.571 0.418 
CONTROL _060 0.502 0.044 0.008 0.996 
CONTROL _180 0.673 0.001 0.179 1.168 
CONTROL _240 -0.270 0.675 -0.765 0.224 
_001 _015 0.703 0.001 0.208 1.197 
_001 _030 0.906 <0.001 0.411 1.400 
_001 _060 1.484 <0.001 0.989 1.978 
_001 _180 1.655 <0.001 1.161 2.150 
_001 _240 0.711 <0.001 0.217 1.206 
_015 _030 0.203 0.890 -0.291 0.697 
_015 _060 0.781 <0.001 0.287 1.276 
_015 _180 0.953 <0.001 0.458 1.447 
_015 _240 0.009 1.000 -0.485 0.503 
_030 _060 0.578 0.010 0.084 1.073 
_030 _180 0.750 <0.001 0.255 1.244 
_030 _240 -0.194 0.910 -0.688 0.300 
_060 _180 0.171 0.949 -0.323 0.666 
_060 _240 -0.772 <0.001 -1.267 -0.278 
_180 _240 -0.944 <0.001 -1.438 -0.449 
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In order to test for differences among acclimation levels and exposure levels, we 
summed the points gained at each time-step in each replicate. Acclimation levels against 
mean number of points per snail are plotted in Figure 21. There were no difference in 
mean or median number of points per snail between the acclimation levels (K-W: 3,578, 
n = 3, p = 0,311, ANOVA: F-ratio: 1,125, n = 3, p = 0,387). 
Table 8: Tukey test for 
differences between mean 
numbers of points to each 
exposure level in the Low 
acclimation experiment.  
 
Tukey's Honestly-Significant-Difference Test 
Exposure (i) Exposure (j) Differencep-value95.0% Confidence Interval
    Lower Upper 
CONTROL _001 -1.343 <0.001 -2.063 -0.624 
CONTROL _015 -3.219 <0.001 -3.939 -2.500 
CONTROL _060 -1.578 <0.001 -2.297 -0.858 
CONTROL _180 -1.775 <0.001 -2.494 -1.056 
CONTROL _240 -2.031 <0.001 -2.750 -1.311 
_001 _015 -1.876 <0.001 -2.596 -1.157 
_001 _060 -0.235 0.939 -0.954 0.485 
_001 _180 -0.432 0.525 -1.151 0.288 
_001 _240 -0.688 0.071 -1.407 0.032 
_015 _060 1.642 <0.001 0.922 2.361 
_015 _180 1.444 <0.001 0.725 2.164 
_015 _240 1.189 <0.001 0.469 1.908 
_060 _180 -0.197 0.971 -0.917 0.522 
_060 _240 -0.453 0.470 -1.172 0.267 
_180 _240 -0.256 0.914 -0.975 0.464 
 
Figure 21: Mean number of points per snail 
plotted against the acclimation concentrations ± 1 
SD.  
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In order to test for effects of exposure levels we 
plotted exposure levels against mean number of 
points per snail (see Figure 22). There were a 
significant difference in medians and means 
between the exposure levels (K-W: 21.488, n = 3 p 
< 0,001, ANOVA: F-ratio: 6,077, n = 3, p < 0,001). 
A tukey’s test was performed post hoc to determine 
differences between the levels of exposure (see 
Table 9). 
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Figure 22: The mean number of points per 
snail plotted against the exposure 
concentrations with ± 1 SD. 
Table 9: The results from the Tukey’s test on the points per snail from the post-
acclimation exposure experiment. 
Tukey's Honestly-Significant-Difference Test 
Exposure(i)Exposure(j)Differencep-value95.0% Confidence Interval
        Lower Upper 
CONTROL _001 -14.300 0.960 -65.561 36.961 
CONTROL _015 -37.156 0.278 -88.416 14.105 
CONTROL _060 1.611 1.000 -49.650 52.872 
CONTROL _180 31.756 0.450 -19.505 83.016 
CONTROL _240 45.189 0.113 -6.072 96.450 
_001 _015 -22.856 0.769 -74.116 28.405 
_001 _060 15.911 0.939 -35.350 67.172 
_001 _180 46.056 0.101 -5.205 97.316 
_001 _240 59.489 0.014 8.228 110.750 
_015 _060 38.767 0.236 -12.494 90.028 
_015 _180 68.911 0.003 17.650 120.172 
_015 _240 82.344 <0.001 31.084 133.605 
_060 _180 30.144 0.508 -21.116 81.405 
_060 _240 43.578 0.137 -7.683 94.839 
_180 _240 13.433 0.970 -37.828 64.694 
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The Fecal Pellets 
 
Pre-Acclimation Exposure  
 
The fecal pellets from the snails in the pre-acclimation EC50 experiment were 
counted. The numbers of pellets were counted for each replicate in the seven different 
concentrations. The results are shown in Figure 23 where the mean number of fecal 
pellets for the seven exposure concentrations is plotted with ± 1 SD. It can be seen that 
the number of faecal pellets per snail is higher in the lower and middle concentrations 
than in the two highest concentrations where the number of fecal pellets are lower.  
 
 
Figure 23: The mean number of fecal pellets per 
snail to each of the seven exposure concentration in 
the pre-acclimation experiment with ± 1 SD. 
 
 
 
 
 
 
 
 
There was found a borderline significant difference between the lowest and highest 
median number of counted fecal pellets (K-W = 11,498, n = 3, p = 0,074), and no further 
statistics were performed. 
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Post-Acclimation Exposure 
The fecal pellets in the post-acclimation beakers were counted after the ten days of 
exposure period, and the results are shown in Figure 24. The mean number of fecal 
pellets per snail to each of the six exposure concentrations is plotted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24: The mean number of fecal pellets per snail with ± 1 SD to each exposure concentration for 
the three different acclimation concentrations control (A), low (B) and high (C).  
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In the control (A) it can be seen that the number of pellets per snail generally looks 
a little lower than in the low and high acclimations. It also looks like the number of 
pellets varies very little between the exposures concentrations and that there is a small 
decrease as the concentrations increases. A Kruskal-Wallis one-way analysis of variance 
was used to test the results from the three different acclimation concentrations. For the 
control no difference between the lowest and highest median number of counted fecal 
pellets were found (K-W = 1,838, n = 3, p = 0,871). 
In the low (B) it looks like there is a significant decrease in pellets per snail as the 
exposure concentrations increases, with a sudden increase at the lowest concentration. 
The Kruskal-Wallis test showed that there were no difference between the lowest and 
highest median (K-W = 8,345, n = 3, p = 0,138).  
In the high (C) there is a very high number of fecal pellets per snail in the control 
exposure concentrations compared to the number of pellets in the five remaining 
concentrations. The Kruskal-Wallis test also showed a difference between the lowest and 
highest number of fecal pellets (K-W = 11,152, n = 3, p = 0,048). Because of this 
difference an ANOVA was used to test whether there was a difference between the 
means. The ANOVA showed that there was a significant difference between the sample 
means (ANOVA: F-ratio = 18,106, n = 3, p < 0,001). Since the Kruskal-Wallis and the 
ANOVA showed a difference between the means, a Tukey test was used to specify the 
differences.  
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Table 10: The results from the 
Tukey test. The test shows the 
differences between the means 
of the six different exposure 
concentrations for the 
acclimation high. 
 
 
 
 
 
 
 
 
The Tukey test shows that there is a significant difference between the control and the 
remaining five concentrations (p < 0,001). In that way it can be seen that the ingestion 
rate for the snails from the acclimation high has been higher in the exposure control, 
where the sediment was not contaminated with fluoranthene.  
 
Tukey's Honestly-Significant-Difference Test 
Exposure(i)Exposure(j)Differencep-value95.0% Confidence Interval
        Lower Upper 
Control _001 2058.133 <0.001 1185.109 2931.157 
Control _015 1624.667 <0.001 751.643 2497.691 
Control _060 2099.733 <0.001 1226.709 2972.757 
Control _180 1839.867 <0.001 966.843 2712.891 
Control _240 1625.600 <0.001 752.576 2498.624 
_001 _015 -433.467 0.575 -1306.491 439.557 
_001 _060 41.600 1.000 -831.424 914.624 
_001 _180 -218.267 0.954 -1091.291 654.757 
_001 _240 -432.533 0.577 -1305.557 440.491 
_015 _060 475.067 0.485 -397.957 1348.091 
_015 _180 215.200 0.956 -657.824 1088.224 
_015 _240 0.933 1.000 -872.091 873.957 
_060 _180 -259.867 0.909 -1132.891 613.157 
_060 _240 -474.133 0.487 -1347.157 398.891 
_180 _240 -214.267 0.957 -1087.291 658.757 
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 Discussion 
The Study 
 
The aim of project was to study how the organisms living in the polluted habitats 
acclimatized themselves with the environment and what kind of behavioral changes occur 
in them 
In the acclimation experiment it was observed that more snails are in the sediment in 
control acclimation beaker and 1 acclimation beaker instead of 30 acclimation beaker 
during the start of the experiment. At the end of four week exposure, it was found that 
more snails were out of the sediment instead of acclimation control and 1. Obviously 
there may be possibility for the snails to acclimate to the Flu in the sediment. In 1985, 
Benson and Birge proposed that fathead minnows: is acclimated to the heavy metals and 
organic contaminants (PAHs).It is also identified that acclimation depend on the pre-
exposure concentration (Dixon and Sprague, 1981).The literature review for the 
acclimation to metal in fish specify that acclimation is a relatively variable process. In 
1999, Klerks reported that significant accumulation of grass shrimp to the different PAHs 
collected from toxic area (Pass Fourchon sediment). 
Comparison was made to the total numbers of snails that were out of the sediment and 
with the number of snails that were in the sediment in the acclimation beakers. It was 
found that around 4 to 6 % snails were out of the sediment in the acclimation beakers of 
300.By comparing all three acclimations beakers a smaller percentage of snails in the 
high acclimation were out the sediment than in the lower concentration beakers. 
During the post-acclimation experiment, we found that in the start of experiment most of 
the snails were in sediment in all acclimations. After eight days it was observed that a 
large number of snails were out of the sediment. The comparison of acclimation and post 
acclimation confirms that positions of snails in acclimation control and low were almost 
the same during both acclimation and post acclimation. In acclimation 30, there was a 
completely opposite position of snails in both acclimation and post –acclimation setup. 
The change in position of snails in acclimation and post acclimation can be due to 
hormesis, narcosis and hibernation. There is also a probability of acclimation in 
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acclimation 1 because the snail’s positions were almost the same in acclimation and post 
acclimation and they shows the resistance to Flu exposure.  
During the snails movement it was observed that, there is an effect of time, exposure and 
acclimation on the movement of snails. The movement of snails decreased with increase 
of concentration in each acclimation. It means that high concentration of Flu effect the 
movement of snails. 
In Pre –acclimation, There was a decrease in movement of snail from low concentration 
to higher concentration until to 180 µg/g dw and an unexpected increase at 240 µg/g dw 
sediment. This may be because the actual concentration of Flu in the sediment with the 
supposedly highest concentration was considerably lower than expected, and in fact 
lower than the second highest concentration. These concentrations were 174 µg/g dw and 
135 µg/g dw respectively. Therefore we can say that Flu affected the snails with increase 
of exposure concentration. 
The control and high acclimation clearly shows that Flu affected the snail’s species as 
same like pre-acclimation. Previous studies of the PAH with pyrene shows that after 48 
days of exposure, mortality of the lugworm Arenicola marina was around 10 % and the 
feeding rate decreased, while in the annelid Nereis diversicolor there were no observed 
effect [Christensen et al. 2002]. But in low acclimation, the increase in movement was 
seen with increase of Flu concentration .It means that snails in low acclimation showed 
the resistance to Flu. The pre-exposure of mussel Mytilus edulis to cadmium showed the 
increase in resistance to mercury exposure (Roesijadi and Fellingham1987). There may 
be the of possibility of organism to prove the increase in performance due to hormesis 
(Stebbing, 1998). Comparison of all three acclimation suggests that Flu affected the 
movement fitness of snails in control and high acclimation and less exposure effect was 
seen in the low acclimation. The low acclimation and pre-acclimation showed almost 
same curve pattern of the snail’s movement.  
In Pre-acclimation, the alternative decrease and increase of fecal pellets was found from 
control to 60 µg/g dw and further decrease at higher concentration. Borderline significant 
difference was found between the numbers of fecal pellets with the increase 
concentrations. 
In control acclimation, it is seen that the number of fecal pellets varies slightly between 
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the exposure concentrations and there was a small decrease in the fecal pellets with the 
increase of concentration.  
In low acclimation significant decrease in fecal pellets was examined with the increase of 
exposure of concentration. No difference was found between the concentration of low 
and high medians. 
In high acclimation, the large amount of fecal pellets was seen in control concentration as 
compared to total number of fecal pellets in the other five concentrations. The difference 
in the highest and lowest fecal pellets was also observed. 
In the control acclimation it is observed that the number of fecal pellets per snails were 
slightly lower than in the low and high acclimation. 
The comparison of pre-acclimation and control, low and high acclimation suggest that 
there is a decrease in fecal pellets with the increase of Flu exposure. 
This decrease in fecal pellets was due to the avoidance of the sediment eating at higher 
concentration of Flu. The decrease in feeding rate of various aquatic species was 
observed by the exposure of PAHs (Donkin et al., 1989).This decrease in feeding rate can 
be possible due to bioaccumulation of organic contaminants with narcotic mode of action 
because the snails get more immobile and therefore stop feeding   (Van Wezel and 
Opperhuizen ,1995) 
The sum up of acclimation low and high suggest that acclimation high is too high and no 
resistance of Hydrobia species was seen to the Flu. In the acclimation low the Hydrobia 
species showed resistances to Flu during the post acclimation by examine the position of 
snails in the beakers, Movement of snails and feeding rate.   
In the present study acclimation of snails (Hydrobia neglecta and Hydrobia ulvae) in an 
environment containing Flu was studied. The results showed that concentration 1 µg/g 
dw had no significant effect on feeding and movement behavior of snails (Hydrobia 
neglecta and Hydrobia ulvae) during the course of study. However, concentration 30µg/g 
dw caused significant effect on feeding and movement behavior. This showed  that snails 
(Hydrobia neglecta and Hydrobia ulvae) had  acclimated themselves in an environment 
with Flu concentration up to 1 µg/g dw but Flu concentration 30µg/g dw is too high for 
them  to be acclimated. So it can be said in a natural environment contaminated with Flu 
up to 1µg/g dw does not have adverse affect on snails (Hydrobia neglecta and Hydrobia 
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ulvae) and does not alter their natural behavior to significant level. It can be concluded 
that snails (Hydrobia neglecta and Hydrobia ulvae) can adopt themselves well in a 
contaminated environment with Flu up to 1 µg/g dw. However, environment containing 
more then 1 µg/g dw may have adverse affect on the snails (Hydrobia neglecta and 
Hydrobia ulvae). 
Lethal toxicity can occur when the concentration of toxic contaminant reaches at critical 
value (McCarty and Mackay, 1993). The resistance to toxic Flu in acclimation low is due 
to pre -exposure of Flu during the acclimation experiment. There is also a possibility of 
reverse acclimation response and a reduced resistance can occur because of pre-exposure 
(Steadman et al., 1991). The acclimation to Flu can also observed by measure feeding 
rate. Therefore, before to the start of risk assessment the acclimation and acclimatization 
to the contaminants should be considered. 
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Conclusion 
In conclusion, the results show that two gastropod species (Hydrobia neglecta and 
Hydrobia ulvae) can acclimate to the fluoranthene concentration of 1µg Flu/g dry weight 
sediment (Low) for 28 days of exposure. The concentration 30µg Flu/g (High) was too 
high for the acclimation of snails and instead had adverse effects during a following 
exposure to higher concentrations. There is possibility of acclimation low to resist higher 
concentrations. It clearly shows that acclimation mechanism should be considered before 
to the start of risk assessment. 
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